Objective to evaluate the prevalence and performance as axial Spondyloarthritis (axSpa) diagnostic feature of radiographic and Mri lesions 'typical' of axSpa of the sacroiliac joint (SiJ) and spine in a mechanical chronic back pain (cBP) population and in an axSpa cohort. Methods cross-sectional multicentre study. Patients: (1) recent onset axSpa (DeSir cohort) and (2) mechanical non-axSpa cBP matched for age and gender (ilOS study). imaging: radiographs and Mr scans were performed identically in both groups. all images were centrally read, blinded for diagnosis and for other imaging findings in the same patient. Statistical analysis: prevalence of lesions 'typical of axSpa' were compared in both groups. Sensitivity, specificity and positive likelihood ratios (lr+) of each lesion (and combination of lesions) were calculated. Results a total of 98 patients with cBP were included, and compared with 100 patients with recent onset axSpa. SiJ lesions were consistently more frequent in the axSpa group (35.0% vs 11.8% p<0.001, 35.0% vs 8.4% p<0.001% and 32.0% vs 10.0%. p<0.001 for modified new York criteria, Mri sacroiliitis and ≥3 erosions of the SiJ on Mri, respectively), and performed well (lr+ for ≥3 erosions 3.0 (95% ci 1.6 to 5.8)). Spine lesions were comparable across groups: radiographic lesions were rare, while all Mri lesions were frequent. Conclusion Our study confirms that 'typical' lesions can also be observed in patients with non-axSpa cBP but that SiJ lesions by all modalities remain the most valuable for diagnosis, including structural lesions of the SiJ. this suggests the potential interest of adding Mri SiJ structural lesions in the definition of Mri abnormalities for axSpa classification.
InTROduCTIOn Spondyloarthritis (SpA) is a multifaceted systemic disease 1 that encompasses inflammation of the axial skeleton (axial SpA (axSpA)), extra-axial manifestations, that is, enthesitic and peripheral articular involvement, but also extra-articular symptoms, such as psoriasis, uveitis or inflammatory bowel disease.
Due to these diverse presentations, diagnosis can be sometimes challenging and, on top of other (mainly clinical) signs, the presence of imaging findings often contributes to the diagnosis. Classically, diagnosis of axSpA is based on the combination of clinical symptoms and unequivocal radiographic damage: either the presence of radiographic sacroiliitis according to the modified New York (mNY) criteria 2 or the presence of syndesmophytes in the spine. 3 However, such structural damage appears after several years since disease onset, leading to significant diagnostic delay. 4 5 Furthermore, reliability of sacroiliitis on radiographs has been consistently RMD Open RMD Open RMD Open reported to be poor, regardless the reader (rheumatologists or radiologists) or the type of reading (local reading or central reading campaigns). 6 7 In the late 1990s, MRI allowed to assess the presence of inflammation in the sacroiliac joints (SIJ) and spine in patients with axSpA. Inflammation could be observed even in patients without structural damage, suggesting that inflammation could be the first step in the sequence that would eventually lead to radiographic progression. Since then, MRI has been used for diagnostic purposes in axSpA, and several definitions have been proposed by the ASAS (Assessment of SpondyloArthritis international Society) group to define a 'positive' MRI of the SIJ. 8 9 These lesions (ie, radiographic sacroiliitis and MRI sacroiliitis) have been consistently associated with axSpA and are indeed the entry criteria of the 'imaging arm' of the ASAS classification criteria for axSpA, 10 11 which have been validated in several populations. 12 13 However, other imaging abnormalities have been observed in early axSpA populations, such as structural lesions (ie, erosions, fat deposition and bony bridges/ankylosis of the SIJ 14 15 and also inflammatory and chronic lesions of the spine assessed by MRI 16 17 ). Only scarce data are available regarding the sensitivity and specificity of these other imaging abnormalities so-called 'typical of axSpA' (ie, structural lesions of the SIJ, inflammatory and structural lesions of the spine): indeed, their value in the absence of definite lesions of the SIJ (radiographs or MRI) remains unclear, and the prevalence of such abnormalities (eg, chronic changes of the SIJ) in a population of patients suffering from non-axSpA mechanical chronic back pain (CBP) is unknown. Furthermore, recently, the specificity of the findings of MRI sacroiliitis has been challenged by some studies reporting bone marrow oedema (BME) of SIJ in runners and athletes 18 and postpartum females. 19 Only the description of these imaging abnormalities called 'typical of axSpA' in a cohort of patients with non-axSpA mechanical CBP (the main differential diagnosis for axSpA) will allow to assess the performances (ie, sensitivity, specificity, positive likelihood ratio (LR+)) of such abnormalities for the recognition of axSpA in a clinical setting, by comparing the prevalence of such lesions with an early axSpA cohort of patients.
Based on these remarks, the aim of our study was to : (1) to describe the prevalence of SIJ and spine radiographs and MRI abnormalities suggestive of axSpA in a non-axSpA mechanical CBP population (appearing before the age of 45 years) and an early axSpA population and (2) to calculate the sensitivity, specificity and LR+ of each of these abnormalities (and the combination of them).
PaTIenTs and MeTHOds study design ILOS study: observational cross-sectional national multicentric study: four tertiary care hospital centres (rheumatology and radiology departments). DESIR study: the multicentre French national early axSpA cohort including 25 centres; inclusion period was 2008-2010. 20 Patients (1) Cases=patients with early axSpA=DESIR patients: in order to compare the prevalence of the other imaging abnormalities and to assess the performances of such abnormalities, a sample of 100 patients sample from DESIR was selected. Inclusion criteria for DESIR have been published elsewhere, 20 but briefly, patients had to present with inflammatory axial back pain for less than 3 years highly suggestive of axSpA. For this present analysis, and in order to ensure the representability of the sample from the whole cohort in terms of imaging, we selected 100 patients based on the results of imaging findings of the SIJ on the central reading performed at baseline in the cohort: among the whole DESIR cohort (ie, including the 708 patients from baseline) 15% patients presented with radiographic sacroiliitis and MRI sacroiliitis; 6% patients with radiographic sacroiliitis but without MRI sacroiliitis; 20% patients with MRI sacroiliitis but without radiographic sacroiliitis; 59% patients without imaging abnormalities of the SIJ. Therefore, we selected our sample based on the observed abnormalities and their identification (id) number in the cohort (ie, consecutive patients): among all patients without any imaging abnormalities of the SIJ, we selected the first consecutive 59 patients according to their 'id' numerical order; among all patients with MRI sacroiliitis but without radiographic sacroiliitis, we selected the first consecutive 20 patients by 'id' numerical order; among all patients with radiographic sacroiliitis but without MRI sacroiliitis, we selected the first consecutive six patients according to their numerical 'id' order, and among all patients with radiographic and MRI sacroiliitis, we selected the first consecutive 15 patients according to their numerical 'id' order, resulting in a 100-patients sample. (2) Controls=patients with non-axSpA mechanical CBP=ILOS study: One hundred consecutive inpatients and outpatients consulting for definite non-axSpA mechanical CBP were prospectively included in the study, in four tertiary care centres from 2014 to 2015. Patients were interviewed by the investigator before being included: to be included, CBP had to be mechanical and the diagnosis of axSpA had to be excluded; CBP had to initiate before the age of 45 years, and to be lasting for more than 3 months but less than 3 years. All patients gave their informed consent.
Imagings
All patients underwent identical imaging examinations (same modalities and identical imaging protocols): Radiographs: pelvis and lateral cervical and lumbar spine. MRI: SIJ, upper spine (C2 to T10) and lower spine (T8 to S1), using the short-tau inversion recovery and T1 fast spin echo acquisitions.
Imaging data collection (1) Pelvic radiographs: abnormalities of the SIJ were scored according to the mNY criteria:
2 the reader reported the grades of each SIJ (right then left) from 0 to 4 (0=No disease, 1=Suspicious for sacroiliitis, 2=Small localised areas with erosions or sclerosis without alteration in joint width, 3=Moderate/advanced sacroiliitis with one or more of erosions, evidence of sclerosis, widening, narrowing or partial ankylosis; 4=Total ankylosis); after that, for any SIJ scored 2 or 3, the reader checked for the presence of erosions, sclerosis, joint width widening, joint width narrowing or partial ankylosis; (2) Spine radiographs: abnormalities of the spine were scored according to the mSASSS, 21 ranging from 0 to 72, by checking at each anterior site of the cervical spine from the lower border of C2 to the upper border of T1 and the lumbar spine from the lower border of T12 to the upper border of the sacrum on a lateral view for the presence of no abnormality, erosion or sclerosis or squaring, syndesmophyte or total bony bridging; (3) MRI of the SIJ: Inflammatory lesions of the SIJ were scored according to the Spondyloarthritis Research Consortium of Canada MRI index (SPARCC) for the SIJ: 22 each SI joint was divided into four quadrants (upper iliac, lower iliac, upper sacral and lower sacral). The reader checked for the presence in any quadrant of: BME in each quadrant and also the presence of intense signal (comparable to signal from adjacent blood vessels) or depth ≥1 cm anywhere within each SI. The score ranges from 0 to 72. The fulfilment of the ASAS definition for MRI sacroiliitis was also assessed. 8 9 Chronic lesions of the SIJ were scored, in each quadrant, for the presence of erosions, sclerosis, periarticular fat and (partial) ankylosis. Different definitions were tested based on the proposal by de Hooge et al (ie, the presence of at least five erosions or fatty lesions). 23 (4) MRI of the spine: inflammatory lesions of the spine were scored according to the SPARCC for the spine. 24 This method was based on the scoring of disco-vertebral units and each of these was divided in four quadrants: anterior/posterior and superior/ inferior. First disco-vertebral unit is C2-C3 and the last L5-S1. The reader checked for the presence in any quadrant of: BME, intensity and depth of BME. The score ranged from 0 to 108. The fulfilment of the ASAS definition of a positive MRI of the spine (ie, at least three inflammatory corners) 25 and the fulfilment of the SPACE group definition (ie, at least five inflammatory corners) 23 were also calculated. Chronic spinal MRI lesions were scored according to the Canada-Denmark score: per DUV quadrant dichotomous scores (presence/absence) on corner inflammatory and structural lesions (fatty lesions, erosions, syndesmophytes) were given. 26 Different definitions were tested based on the proposal by de Hooge et al (eg, the presence of at least five fatty lesions). 23 
Image reading
Images from the cases (axSpA DESIR patients) and the controls (non-axSpA mechanical CBP ILOS patients) were fully anonymised and pooled together in a random order. An experienced reader (AM) scored all 198 imaging studies, blinded for the group the patient belonged to (eg, to the axSpA or the CBP group) and also for the findings on the other imaging modalities, since all modalities (X-ray SIJ, X-ray Spine, MRI SIJ and MRI of the spine) were scored separately.
statistical methods Sample size: In order to calculate the sample size of this study, due to the scarce data available regarding the diagnostic/classification performances of each type of lesions, we assumed that the specificity of BME of the SIJ detected by MRI (eg, as in the axSpA ASAS criteria) was 95%. 27 With this hypothesis, a sample of 100 cases (axSpA) and 100 controls (mechanical non-axSpA patients with CBP) would allow us to estimate specificity with a ±5% accuracy. Analysis: a descriptive analysis of the different imaging abnormalities suggestive of axSpA in the SIJ and spine was performed (number (%) of patients with a lesion, and mean (SD) for the continuous scores). Proportions and continuous variables were compared in both groups by χ² test and T-test, respectively. Statistical significance was set for p<0.05. The performances of the presence of each type of lesion as well as the combination of different types of lesions were calculated: sensitivity (SE: imaging positives/patients with axSpA), specificity (Spe: imaging negatives/patients with CBP) and positive LR (LR+=-sensitivity/1-specificity or the probability of a person who has the disease testing positive divided by the probability of a person who does not have the disease testing positive) and their 95% CI, using the group as the 'gold-standard'. LR+ captures both sensitivity and specificity of a given test, or in this case 'lesion or combination of lesions' in a single figure and is an indicator of the diagnostic/classification value of the respective findings: the higher the LR+, the better the diagnostic value of the finding. 28 All analyses were performed using R-CRAN software. 29 
ResulTs
Among the 100 included patients with non-axSpA mechanical back pain, imaging was only available in 98 patients. Age and gender were comparable (mean (SD) 36.2 (9.9) vs 32.2 (8.7) years, and 41.8% and 45% males, in the mechanical CBP vs axSpA groups, respectively). MRI inflammatory lesions of the spine: prevalence of at least one lesion was high in both groups (44 (44.9%) vs 52 (52.5%), p=NS, for the mechanical CBP and axSpA groups, respectively). The number of patients fulfilling the different definitions for a positive MRI was greater, but not significantly, in the axSpA group: 44 (44.4%) vs 33 (33.7%), NS, and 30 (30.3%) vs 25 (25.5%), NS, in the axSpA group versus mechanical CBP groups, for the ASAS and for the SPACE group definitions, respectively. The SPARCC score was lower in the mechanical CBP group, but this difference did not reach statistical significance (3.3 (5.8) vs 5.6 (13.5), NS, in the mechanical CBP vs axSpA groups, respectively).
descriptive analysis
MRI structural lesions of the SIJ: Up to 17% patients with mechanical CBP (vs 24% of patients with axSpA) presented at least one chronic lesion of the SIJ, but the number of patients presenting the different combinations of structural lesions of the SIJ proposed was consistently and significantly greater in the axSpA group (table 1) .
MRI structural lesions of the spine: prevalence was comparable in both groups, with 21 (21.4%) vs 15 (15.2%) patients in the mechanical CBP and axSpA groups, respectively, presenting with at least three fatty lesions (NS).
Performances as diagnostic features for axspa Performances (SE, Spe and LR+) for all imaging abnormalities are reported in table 2. Among radiographic lesions, the presence of SIJ erosions and the fulfilment of mNY criteria were the only lesions/combination of lesions with LR+ above 3 (3.8 (95% CI 1.9 to 7.4) and 3.0
The ASAS definition of MRI sacroiliitis presented a high specificity (0.9 (0.8 to 0.9)) and a good positive LR (4.2 (2.0 to 8.5)) and even better performances when the definition included deep or intense lesions (Spe: 1.0 (0.9 to 1.0) and LR+: 7.6 (2.4 to 24.2)). The presence of different combinations of structural lesions of the SIJ performed well, in particular the presence of at least three erosions (Spe: 0.9 (0.8 to 1.0), LR+: 3.0 (1.6 to 5.8)), However in the spine, regardless of the MRI lesions or combination or lesions (ie, inflammatory or structural), performances were poor, with all positive LRs below 2. dIsCussIOn Our study confirms that 'typical lesions of axSpA' can also be observed in patients with non-axSpA mechanical CBP. Indeed, 21%, 25.3% and 50.0% of patients from the non-axSpA mechanical CBP group presented with sclerosis on the pelvis radiograph, at least one inflammatory lesion of the SIJ and at least one structural lesion of the spine, respectively. However, among the non-axSpA mechanical CBP group, only 11.6% and 8% fulfilled the mNY criteria and ASAS MRI sacroiliitis definition, respectively. Interestingly, the number of patients with structural lesions of the SIJ on MRI was consistently higher in the axSpA group, in particular for the presence of at least three erosions, for which the difference was more important across groups (10% vs 32%, respectively). Finally, our finding confirms previous data regarding spine imaging findings in patients with early disease: indeed, the number of lesions detected on spine radiographs was so low in both groups that no differences could be observed; regarding MRI of the spine, inflammatory lesions were consistently more frequent in the axSpA group, but the differences did not reach a statistical significance, neither for the ASAS definition (ie, at least three lesions) nor for the SPACE group definition (ie, at least five inflammatory lesions). Spinal structural lesions on MRI were even more frequent in the mechanical non-axSpA, for example, 21% vs 15% patients presenting with at least three fatty lesions in the non-axSpA mechanical CBP versus axSpA groups; this finding regarding structural lesions of the spine has already been reported by the SPACE group 23 and they suggested a cut-off of at least five fatty lesions. Nevertheless, in our analysis, even this high cut-off performed poorly (LR=0.6 (95% CI 0.3 to 1.4)). This is probably reflecting the fact that fatty lesions can also be observed as a consequence of mechanical spinal disorders.
Although most of the lesions were observed in both groups, some lesions (or combination of lesions) performed very well for axSpA recognition, particularly at the SIJ level. Indeed, despite all the wellknown limitations regarding the poor inter-reader and intrareader reliability for the radiographic sacroiliitis Spondyloarthritis Spondyloarthritis Spondyloarthritis Table 1 Imaging abnormalities 'typical of axSpA' observed in the axSpA and mechanical chronic back pain groups †According to the SPARCC scoring of the SIJ. ‡In case no denominator is indicated, the available images are n=98 for CBP and n=100 for axSpA. §Significant results are highlighted in bold.
ASAS, Assessment of SpondyloArthritis international Society; CBP, chronic back pain; NY, New York; SPARCC, Spondyloarthritis Research Consortium of Canada index; axSpA, axial Spondyloarthritis. Table 1 Continued assessment, 6 7 the presence of erosions and sclerosis (and thus, the fulfilment of the mNY criteria) were found to be highly specific. These findings are interesting, particularly in settings where access to MRI can be a challenge due to cost-limitations. Similarly, the presence of an MRI sacroiliitis according to the ASAS definition was found to be as specific as radiographic sacroiliitis, but with higher LR+; furthermore, when the notion of 'depth' or 'intensity' of BME was added to the definition of MRI sacroiliitis, discrimination capacity increased, with increased LR+, and also with larger CIs, due to the small number of patients presenting such lesions (less than four patients) and low sensitivity. Thus, this finding suggests that deep and/or intense BME of the SIJ is extremely unlikely to be seen in patients with non-axSpA. Another interesting finding of our study was the excellent performances observed for the MRI structural lesions of the SIJ: indeed, the presence of at least three erosions performed as well as the mNY criteria, with an LR+ above three and almost a perfect specificity. However, spine lesions, also including the MRI inflammatory lesions, performed poorly in this early onset population.
Our study has some limitations that are worth noting. The study population might be considered as not optimal since the selection of the patients with axSpA was not based on any classification criteria but on the judgement of the rheumatologist. This was also the case for the group of patients suffering from mechanical disorder. However, this situation is perfectly reflecting daily practice (eg, in case of patients presenting with recent onset back pain before the age of 45 years, what is the probability to observe MRI findings at the SIJ level suggestive of spondyloarthritis in patients with a diagnosis (based on rheumatologist's opinion) of spondyloarthritis versus a diagnosis of mechanical disorders. This design (eg, focusing on patients with recent onset disease) probably explains the low prevalence of structural lesions observed in this study. Another limitation was that only one reader performed the reading. Indeed, central reading exercises usually include at least two readers since average scores are closer to the truth. However, the purpose of this exercise was not really to have a 'true' score, but rather to try to reproduce a situation that often occurs in clinical practice: that is, in front of a patient with recent onset CBP, to what extent the presence of these so-called 'typical axSpA' lesions contributes to the likelihood of an axSpA diagnosis. Furthermore, the reader was trained for several central-reading campaigns, and this one-reader exercise yielded very similar results to those obtained by the central reading of DESIR: the percentage of patients with axSpA fulfilling the mNY criteria and the ASAS definition of an MRI sacroiliitis were 35% vs 21% 6 and 35% vs 35% 30 in this study versus the central reading, respectively. The prevalence of mNY criteria fulfilment in the axSpA population in this present study was indeed higher than the central reading exercise. This observed difference can be explained by the poor inter-reader reliability of the assessment of the pelvis radiograph, widely reported in the literature, which is not improved by training of readers. 6 7 Furthermore, the scores from this present exercise were somehow more 'conservative' than the local reading by the investigators of DESIR, 20 who reported 39% and 50% patients fulfilling the mNY criteria and MRI sacroiliitis definitions, respectively.
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